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ABSTRACT 

We examine whether the super star-forming clumps (R ~ 1 — 3 kpc; M ~ 10 8 — 10 9 5 M ) 
now known to be a key component of star-forming galaxies at z ~ 2 could be the formation 
sites of the locally observed old globular cluster population. We find that the stellar popula- 
tions of these super star-forming clumps are excellent matches to those of local metal-rich 
globular clusters. Moreover, this globular cluster population is known to be associated with 
the bulges / thick disks of galaxies, and we show that its spatial distribution and kinematics 
are consistent with the current understanding of the assembly of bulges and thick disks from 
super star-forming clumps at high redshift. Finally, with the assumption that star formation in 
these clumps proceeds as a scaled-up version of local star formation in molecular clouds, this 
formation scenario reproduces the observed numbers and mass spectra of metal-rich globular 
clusters. The resulting link between the turbulent and clumpy disks observed in high-redshift 
galaxies and a local globular cluster population provides a plausible co-evolutionary scenario 
for several of the major components of a galaxy: the bulge, the thick disk, and one of the 
globular cluster populations. 
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1 INTRODUCTION 

The Universe at z ~ 2 is now known to be an important epoch 
in galaxy formation, during which the cosmic star formation rate 
density peaks as galaxies undergo rapid growth (e.g. Rudni ck"et al.l 
2003). Much of this activity occurs in massive, rapidly star-forming 
galaxies (M , ~ 10 10 - 10 11 M Q , SFR ~ 10 - 200 M Q yr" 1 ; 
Redd v et al.ll2005h identified via their rest-frame optical and near- 
infrared colors. Comparisons of the observed properties of this pop- 
ulation (clustering, dynamical masses, SFRs) with dark matter halo 
properties in cosmological simulations imply that these galaxies 
will evolve into local bulge-dominated spiral, lenticular, and low- 
mass elliptical galaxies, inc reasing in halo mass by a factor of thre e 
between z ~ 2 and z = JConrov et alJl2008l : lGenel et al.ll2008h . 
For the majority of the population, this evolution will occur in a 
"smooth" fashion, via accretion and minor merg ers, with an aver - 
age of — 1 major mergers during this interval l Genel et al]2008l) . 
This smooth yet rapid mass growth, coupled with the lack of disrup- 
tion by major mergers, renders these galaxies a natural population 
in which important structures in local galaxies may be assembled 
and thus a critical population to study. 

Detailed dynamical and morphological observations of 
this galaxy population have revealed that a substantial fraction 
is characterized by large (~ 5 — 10 k pc), regularly rotating, 
thick disks (h z ~ 1 kpc, v/a ~ 2 — 6: iForster Schreiber et al.l 
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Elmegreen et all 120091) . These galaxies are each populated by 
5—10 super star-forming (super-SF) clumps (ii ~ 1 — 3 kpc), 
which collectively acco unt for ~ 30% of the total baryonic 
mass i n each galaxy JCowie et alj 19951 : Ivan den Bergh et al.l 
1 19961; iFJmegreen & Elmegreerj l2005h iGenzel et al.l 1200^ 
Elmegreen et al. l2009h . The masses of individual super-SF 
clumps are limited at the upper end by the "Toomre" mass, the 
characteristic scale of these marginally stable (Q ~ 1) rotating 
galaxies, Mr ~ 2.5 x 10 9 Mp, and are believed to have typical 
masses M ~ 10 9 M Q iGenzel et al]|2008l ; lElmegreen et alj|2009t 
|PekeletalJl2009l) . Simulations suggest that these clumps form 
naturally in gas-rich turbulent disks and that dynamical friction 
will cause them to spiral in to the center of the host galaxy on 
timescales < 1 Gyr and form a nascent bulge dNoguchilll999l : 
Immel i et alj 2004 iBournaud et al.l [2007h . leaving a fraction of 
their mass behind in a thin star-forming disk and a quiescent thick 
disk dBournaud e t al. 2009). Similar conclusions are reached from 
observations of ga l axies in this "gas-rich clump-driven phase" 
dGenzel eta l. 2008; Elmeg reen et al.ll2008al) , which we will refer 
to here as z ~ 2 star-forming galaxies (z2SFGs). 

Could this phase of galaxy evolution also be associated with 
the formation of globular clusters (GCs)? The high masses (M* ~ 
10 4 - 10 6 M Q ) and densities (p cmtr ai ~ 8 x 10 3 M Q pc -3 ) 
of GCs require exceptionally massive and/or dense giant molec- 
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ular clouds (GMCs); the super-SF clumps found in z2SFGs are 
thus good candidates for this process. Indeed the average proper- 
ties of the super-SF clumps (R ~ 1 — 3 kpc; M ~ 10 9 Mm ) are 
very consistent with the pred ictions of [Harris & Pudritzl dl994b and 
iMcLaughlin & Pudritzl Jl99^) . who concluded that "super GMCs" 
in the early Universe (R ~ 1 kpc; M ~ 10 9 Mq) are likely for- 
mation sites for GCs (see <j3]for a discus sion of other proposed 
GC fo rmation mechanisms). Subsequently, Elme green & Efremovl 
i 19971) showed that such super GMCs / super-SF clumps are natu- 
rally formed in an interstellar medium characteriz ed by high turbu- 
lent ve locities and gas surface densities. Likewise. lEscala & Larsonl 
d2008h showed that gas-rich disk galaxies would have large Jeans 
masses and could create the requisite massive super GMCs. These 
authors mention in passing that such disks may correspond to the 
turbulent and gas-rich galaxies observed at high redshift. 

In this letter, we expand this idea and propose that the ob- 
served features of z = GC populations can be explained by as- 
suming they formed in super-SF clumps in z2SFGs. To test this hy- 
pothesis, we investigate whether z2SFGs can account for the three 
main characteristics of local GC systems: 

• the stellar populations of GCs, 

• the spatial distributions and kinematics of GC systems, and 

• the numbers and mass spectra of GCs within galaxies. 

Globular clusters are a bimodal population in metallicity; metal- 
poor GCs increase in number with galaxy mass, and metal-rich GCs 
with bulge mass. Detailed observations of the Milky Way GC pop- 
ulation additionally show that metal-poor GCs are associated spa- 
tially and kinematically with the galaxy halo and metal-rich GCs 
with the bulge and thick disk. Comparing these properties to those 
of the super-SF clumps in z2SFGs (fj2j, we find that z2SFGs are 
plausible formation sites for metal-rich GCs. This connection be- 
tween an observed galaxy population and a globular cluster popu- 
lation provides further insight into the formation of both metal-rich 
and metal-poor GCs (jj3](- 

Throughout this letter, we assume a A-dominated cosmology 
with Ho = 70 km s _1 Mpc~\ « m = 0.3, and fi A = 0.7. 



2 COMPARISON OF GLOBULAR CLUSTERS AND 
z ~ 2 STAR-FORMING GALAXIES 

2.1 Stellar Populations 

Stellar population ages, chemical abundances, and metallicities 
provide important constrains on the formation epoch, duration, and 
sites of GCs. The ages of globular clusters are measured via the 
location of their stars in color-magnitude diagrams (for Milky Way 
GCs) and by comparing stellar absorption line indices in their spec- 
tra to single stellar population models (for GCs in other galax- 
ies). However, both methods are limited by current observational 
and theoretical understanding of evolved stellar populations and 
can thus only constrain absolute ages to within a few Gyr for the 
oldest populations (age > 10 Gyr). Current esti mates of the ages 
of GCs are 9 - 12 Gyr in the Milky Way (e.g. |Pe Angeli et al.l 
20051: iMendel et alj|20071) and 10 ± 2 Gyr in other galaxies (e.g. 
Puzia et all2006l) . Such ages are comparable to the look-back time 
at z ~ 2 of 10.2 Gyr but are consistent with formation redshifts 
z ~ 1.5 — 4. 

The formation timescale for GCs is known, via their high 
observed a-enhancement ([a/Fe] ~ 0.3), to be rapid enough 
that Type la supernovae have not yet exploded and enriched 



the interstellar medium with Fe-peak elements (0.7 — 1 Gyr; 
IScannapieco & Bildsten|[2005h . GC formation must therefore oc- 
cur during a relatively brief epoch of high SFR and significant mass 
growth; this is indeed the case for the gas-rich clump- driven phase 
in z2SFGs, which has a duty cycle of 0.5 — 1 Gyr (Gen zel et al.l 
2006, 120081 : fPaddi et alj|2007l) . The duration of this phase is lim- 
ited by dynamical friction on the clumps, which causes them to 
lose an gular momentum and migrate from the disk to the galaxy 
center [Noguchil 1 19991 : llmmeli et al]|2004l : iBournaud et ai1[2007l: 
iGenzel et alj 20081) . as well as by stellar feedback, which may 
disrup t the molecular co mponent of individual clumps even ear- 
lier (Mur ray etal]l2009l) . The a-element enhancement from this 
short and powerful star formation event has been directly ob- 
served in z2SFGs and higher-redshift analogs to be 0.25 — .7 dex 
jPettini et alJl2002l : lHallidav et al.|[2003 : lOuider et aiT 2009). com- 
parable to those of GCs. 

Finally, the most stringent constraint on GC formation comes 
from the metallicities of these systems, which have a clearly bi- 
modal distribution. In most galaxies, the peaks of this distribution 
are near [Fe/H] = — 1.5 and — 0.5, with a slight dependence on the 
mass o f the host galaxy (e.g. iBrodie & StradeJ 2006; Pen g et all 
2006b). In Figure Q] we compare this relationship to an average 
measurement of [Fe/H] in z2SFGs faallidav et aT]2 008). For addi- 
tional reference, the approximate locations of the mass-metallicity 
relationships at several redshifts are indicated. The metal-poor GCs 
have metallicities far below those observed in z2SFGs and there- 
fore almost certainly did not form during the gas-rich clump-driven 
phase observed in z2SFGs. In contrast, the metal-rich GCs overlap 
impressively with the galaxy masses and metallicities of z2SFGs. 

This agreement of the look-back time, star formation duty cy- 
cle, and metallicity of z2SFGs with the ages, elemental abundances, 
and metallicities of metal-rich GCs suggests that this subpopulation 
of GCs could have been formed in z2SFGs. 



2.2 Spatial Distribution and Kinematics 

The formation scenario for GCs is also strongly constrained by 
their phase space distribution, which has been well measured only 
in the Milky Way. GC systems similar to that of the Galaxy have 
been observed in other l ocal spir al galaxies (M 3 1 Huch ra et al.l 
ll99ll : lBarmbvetalJl2000l and M8l lSchroder et alj|2002h but have 
not yet been confirmed with lar ge samples of GCs in l enticular 
and low-mass elliptica l galaxies |Brodie & Stradej|20"06l , but see 
e.g. lBridges et al.ll997l ; lKuntschner et al.l2002l) . In this section, we 
therefore must assume that the spatial distributions and dynamics 
of GC populations in the Milky Way are representative of those in 
bulge-dominated spiral, lenticular, and low-mass elliptical galax- 
ies; this allows us to examine whether the metal-rich GCs in such 
local galaxies could have been produced in z2SFGs. 

The Milky Way's metal-rich GC population is associated with 
both the bulge and the thick disk (Table[T|l. These GCs are centrally 
concentrated, with the majority of the population distributed spher- 
ically in the Galaxy ce nter (i.e. de Vaucouleurs profile) and having 
bulge-like kinematics (Cote 1999). A subset (~ 1/3) of the metal- 
rich GCs are found at larger radi i (> 4 kpc) and are rotationally 
supported (v/a > 1; IC6tdll999h . Based on the similar kinemat- 
ics and stellar populations of these "disk" GCs and old thick disk 
stars, IZinnl dl985h proposed that these GCs were formed during 
a "transient, thick-disk phase." This prescient hypothesis virtually 
predicted modern observations of the gas-rich clump-driven phase 
in z2SFGs (h z ~ 1 kpc; v/a ~ 2 — 6). 

The current understanding of this phase further elucidates 
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Figure 1. The observed relation between the host galaxy mass and the mean 
metallicities of the metal-rich (filled red squares) and metal-poor (filled blue 
squ ares) globular clu ster populations for early-type Virgo Cluster galax- 
ies lPengetalj|2 006b). The globular cluster populations of the Milky Way 
and M31 are also included (open squares). Hallidayet al, (2008) have mea- 
sured stellar [Fe/H] metallicities for a coadded average spectrum of z2SFGs 
(black circle); here we expand the horizontal error bar to include the aver- 
age factor three mass growth between z ~ 2 and z = (see i]2.3t . To 
compare with star-forming galaxies at other redshifts, the approximate lo- 
cations of the galaxy mass-metallicity relationships are i ndicated (dashed 
lines). We use the z ~ 2 mass-metallicity relation of lErb et"aH (2006) 
and assume [a/Fe] ~ 0.3 (see text) to convert [O/H] to [Fe/H (assum- 
ing [O /H] [Z/H] = [Fe/H ] +0.9 4ra/Fel; lThomas etalJl2003h . lErbetalJ 
120061) and iMannucci et al l fe009l) show that the z ~ 0.1 (SDSS) and 
z ~ 3 — 4 (for Lyman-break galaxies) relations are ~ 0.3 dex above and 
below that at z ~ 2, respectively, and the approximate locations of these 
relations are indicated. 



the connection between the metal-rich GCs potentially formed in 
super-SF clumps, thick disks, and bulges. As the clumps (initially 
at r ~ 5 — 10 kpc) migrate towa rds the center of the ir host z2SFG 
to form a proto-bulge (r < 3 kpc; Ge nzel et al]2008l) . they presum- 
ably transport most of their newly-formed GCs with them, with a 
smaller fraction of the GCs being stripped off during this process 
and remaining i n the galaxy disk. This behavior has been seen in 
simulations by Elme green et alj|2008bl who populate each clump 
with a point mass of ~ 10 5 — 10 6 Mq (used in their model to rep- 
resent intermediate mass black holes) and find that most, but not 
all, of these point masses migrate to the galaxy center with their 
host clumps on short timescales (t < 1 Gyr). The final GC distri- 
bution and kinematics in fact mimic those of the stars, the majority 
of which are carried into the central few kpc, leaving behin d a frac- 
tion of the mass in the (thick) disk dBournaud et al]|2009t) . Those 
GCs that migrate all the way to the galaxy center will interact with 
other GCs, other clumps, and the assembling bulge; this scattering 
will cause them to lose some of their rotational support, creating 
the low v/a "bulge" GC population (Table[T|l. Some of these bulge 
GCs may be tidally disrupted and destroyed during this process, 
and some may sink to the galaxy center due to dynamical friction 
(see also i]2,3t . In contrast, the GCs that remained in the thick disk 
would not interact with other GCs or clumps and would therefore 
maintain the rotational support of the original clumpy thick disk 
(v/a ~ 2 — 3 in thick-disk GCs; v/a ~ 2 — 6 in z2SFGs). 

The GC system that would result from a z2SFG would there- 
fore be expected to have a primary component associated with the 



Comparison of metal-rich (MR) and metal-poor (MP) GC populations to 
components of the Milky Way and to z2SFGs (see definition in JTJ. Al- 
though the descendants of z2SFGs are likely more bulge-dominated than 
the Milky Way, the spatial and kinematic properties of GCs in these galax- 
ies are not yet well constrained; here we assume the GC population of 
the Milky Way to be repres entative in o r der to evaluate the possible link 
with z 2 SFGs. Data are fromlArmandroffl Jl989ll.lC6teHl999ll.lCresci et al] 
<2009h . lElmegreen & Elmegreeij j2006l) . lMinniti il995h . and lzfnrj Jl985t> . 

bulge and a less populous component associated with the thick disk, 
in excellent agreement with the observed properties of the metal- 
rich GC population. This scenario additionally explains why this 
GC population is associated with both the bulge and the thick disk. 



2.3 Number and Mass Function 



To evaluate whether super-SF clumps in z2SFGs can produce the 
number and mass distribution of the relevant (i.e. metal-rich) GC 
population, we employ a simple analytic model. We begin by 
estimating the number of metal-rich GCs expected in the z = 
descendants of z2SFGs. In the local Universe, the parameter 
T — N / (Mgai/W 9 Mq) is used to express the number of 
GCs per l(f Mq of galaxy st e llar m ass dZepf & Ashmar]|l993l; 
Rhod e etal.ll2005l) . IPeng et al] d2008l) have measured this quan- 
tity for a large range of galaxy masses in Virgo early-type galax- 
ies; they find a nearly constant value of T = 5 for galaxies with 
M» = 0.02 - 2 x 10 11 M Q . At z ~ 2, the z2SFGs have stella r 
masses of ~ 10 10 - 10 11 Mq (e.g. lForster Schreiber et alll2009h . 
Assuming the fac tor three increase in halo mass expect ed between 
z ~ 2 and z = dConrov et alj2008l ; lGenel et alj2008l) includes a 
constant baryon fraction in the accreted material, this implies stel- 
lar masses at z = of 3 x 10 10 - 3 x 10 11 Mq and thus T = 5 
(or ~ 150 — 1500 GCs) is appropriate for this population. (Sim- 
ilar predictions of GC numbers are a lso obtained using the uni- 
versal cluster formation efficiency of McLaug hlin! 1 19991 .) In this 
alaxy mass range, 20 — 4 0% of GCs are observed to be metal-rich 
Peng et all [2006a. 2008), implying that z2SFGs should produce 
roughly 30 — 600 metal-rich GCs that persist to z = 0. 

We now evaluate whether the super-SF clumps in z2SFGs 
can produce the requisite number of metal-rich GCs during 
the gas-rich clump-driven phase. Star for mation within super-SF 
clumps has been explored analytically dHams &Pudritzl 1 19941; 
iMcLaughlin & Pudritzlll996T) and has been observed for the GC- 
analogs, young massive clusters (YMCs), which form locally 
in gas-rich (e. g. LMC, M82) and high SF (e.g. the Antennae) 
environments i Elson & Falll 1 19851; lElmegreen & Efremov 1 19971 ; 
lEnglish & Freemanll2003l ; lde Griis et alj2003l ; lwilson et al.ll2003[) . 
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These studies have concluded that star formation in super-SF re- 
gions plausibly proceeds in much the same fashion as in their less 
massive cousins, local GMCs; super-SF regions form gravitation- 
ally unstable structures with an efficiency of a few percent and with 
a power law mass spectrum of index —2 < a < —1.5, the lat- 
ter being a result of the turbulent cascade. The mass spectrum is 
limited at the high end, as in local GMCs, at ~ 10 -3 times the 
mass of the cloud, so super-SF clumps (~ 10 9 Mq) form struc- 
tures with masses up to 10 6 M0 (i.e. YMCs, potential GCs), while 
local GMCs form structures with masses up to 10 3 Mq (i.e. open 
clusters). At the low end of the mass spectrum, less is known about 
the limiting mass; here, we assume a similar scaling with cloud 
mass, such that the lower mass limit in local GMCs of 1CP 6 times 
the cloud mass (~ 1 Mq) applies also to super-SF clumps. 

Combining this information with observations of super-SF 
clumps in z2SFGs, we predict the number and mass function of 
(metal-rich) GCs that can be produced. Letting each super-SF 
clump form stellar clusters according to the mass range and spec- 
trum described above results in ~ 700 objects per clump with mass 
10 4 — 10 6 M©, di stributed with a pow er la w of assumed slope 
q = 2 (Figure l2l. [Fall & Zhand feOOll) and I Jordan etafl fe007l) 
have shown that local GC mass spectra are not power laws but 
can instead be well-represented by "evolved" Schechter functions 
that flatten below a characteristic turn-over mass (~2x 10 5 Mq), 

which they suggest results from the evaporation of lower mass GCs 

1 1 II — ' — k 

through two-body relaxation (see also McLaughlin & Fall 2008). 

At the high mass end (above a cutoff mass M c ), the distribution 
drops more steeply than a power law; this may be the result of 
higher mass GCs preferentially sinking to the galaxy center with 
their host super-SF clumps through dynamical friction ( i]2.2| > or 
being destroyed b y gravitational shock heating in the potentia l 
of the host galaxy (Fall & Zhandl200ll ; iMcLaughlin & Fallll2008h . 
Ijordan et al.lfe007l) show that the evolved and initial mass functions 
can be straightforwardly linked (their equations 4-7), with the exact 
shape of the final mass function dependent on only two parameters, 
a cutoff mass (M c ) and a cumulative mass loss per GC (A). Here, 
we adopt their values for M c and A appropriate for galaxies with 
masses characteristic of z2SFG descendants. Integrating the result- 
ing evolved GC mass function suggests that, of the initial ~ 700 
GCs per clump, ~ 12 will survive from 2 ~ 2 to z = (Figure(2](. 
With 5 — 10 clumps per galaxy, we therefore expect 3500 — 7000 
GCs to be created during a galaxy's gas-rich clump-driven phase, 
of which ~ 60 — 120 survive to z — 0. 

This order-of-magnitude calculation shows that z2SFGs may 
plausibly produce metal-rich GCs whose numbers and mass spectra 
compare well with GCs observed in local bulge-dominated galax- 
ies. Variations in our simple assumptions of super-SF clump masses 
and numbers would increase the scatter in the predicted number of 
metal-rich GCs (60 — 120) to more closely match the full range 
observed locally in likely z2SFG descendants (30 — 600). 



3 DISCUSSION AND CONCLUSIONS 

In the literature, two broad models of GC formation are discussed: 
1) Each galaxy halo creates a single GC population of roughly 
uniform metallicity, with the second GC population being a prod- 
uct of hi erarchical m erging (metal-poor GCs accreted from dwarf 
galaxies: Cote et al. 1998; metal-rich GCs created during gas-rich 
mergers: I Ashman &Zepl 19921) . 2) Each galaxy halo has two dis- 
tinct episodes of GC formation, with metal-poor GCs forming first 
during the collapse of the protogalactic cloud and metal-rich GCs 
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Figure 2. Predicted mass spectrum for structures formed in a z2SFG super- 
SF clump. The slope of the initial mass spectrum (z ~ 2; black) is observed 
to be common among all structures in the ISM (clouds, cores, open clusters, 
YMCs). The upper and lower limits are set by assuming that a molecular 
cloud forms structures with 10 — 6 — 10 -3 of its mass, as observed in lo- 
cal GMCs, and the normalization is set such that ~ 5% of the origina l 
cloud mass will form star s, as observed loca lly (e.g. Iwilson et al j|2003h . 
The evolutionary model of ljordan et all (20071) is applied to the initial mass 
spectrum and results in a preferential decrease of low-mass structures in the 
evolved mass spectrum (2 = 0; red). Vertical dashed lines indicate the mass 
range in which bound structures are observed as GCs, and the shading and 
labels indicate the number of GCs produced per clump in this model. 

in a subsequent phase of star formation ("in situ": iForbes et al.l 
Il997l) . On the basis of the relation between galaxy luminosity 
(mass) and GC met allicity for both GC subpopulations (Figure[T|l, 
IStraderetal1d2004h have argued that the "in situ" model is strongly 
preferred, since the accretion or creation of GCs during mergers 
would blur correlations between the properties of galaxies and their 
GCs. 

Our hypothesis augments this model by providing a natural 
mechanism for the coincident formation of metal-rich GCs, bulges, 
and thick disks. In ij2] we have shown that the stellar popula- 
tions, spatial distribution, kinematics, numbers, and mass spectra 
of metal-rich GCs are all consistent with formation in super-SF 
clumps during the gas-rich clump-driven phase of a galaxy's evo- 
lution. The rapid (< 1 Gyr) migration of these clumps to the cen- 
ters of their host galaxies provides an effective means of transport- 
ing the majority of GCs to the vicinity of the proto-bulge formed 
from the coalescing clumps; this same mechanism also accounts for 
the thick-disk GCs, which, like the newly formed thick-disk stars, 
are stripped from their host clumps and left behind at large radii. 
This process has a built-in truncation mechanism: once a bulge has 
formed, it stabilizes th e remaining disk agai nst further fragmenta- 
tion into large clumps teournaud et al] 2007). Since the clumps are 
responsible for simultaneous GC, bulge, and thick disk formation, 
these must occur as a single, short (< 1 Gyr), and very significant 
event in the lifetime of a galaxy. 

This scenario provides new insight into the process of galaxy 
assembly at high redshift. The formation of metal-rich GCs in the 
gas-rich clump-driven phase implies that the number of these GCs 
in a galaxy will be closely tied to the importance of this phase 
in the galaxy's history. Galaxies with a more dramatic gas-rich 
clump-driven phase will produce more metal-rich GCs, and the 
coalescing clumps will create larger bulges, resulting in the ob- 
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served co rrelation between bulge mass and the number of metal- 
rich GCs jPeng et alj|2006ah . The potential association of galaxies 
at the massive end of th is correlation (e.g. M87) with quiescen t 
spheroids at z ~ 2 (e.g. Trujillo et al. 200^; iTacconi et alj|2008l) 
suggests that the populous metal-rich GC populations in these lo- 
cal giant ellipticals may result from a gas-rich clump-driven phase 
that was very dramatic and occurred prior to z ~ 2 during the 
galaxies' primary SF epochs or during a mer ger of two galaxies i n 
the gas-rich clump-driven phase (see also e.g. lRhode & Zepf 120041) . 
Conversely, the absence of significant metal-rich GC populations 
(and bulges) in late-type galaxies suggests that massive, migrating 
super-SF clumps did not play an important role in late-type galaxy 
formation. 

Finally, the scenario proposed here also constrains metal-poor 
GC formation through the current understanding of the forma- 
tion history of z2SFGs. Significant observational and theoretical 
evidence indicates that z2SFGs are assembled via the rapid and 
smooth transport of cold ( T < T v j r ) gas a l ong filaments into 
the centers of halos (e.g. [c-enzel et all 120061 ; iDaddi et alj 120071 ; 
[Erbll2008l ; [bekel et alj|2009l) . This inflow is almost certainly also 
present at the earlier epochs in which metal-poor GCs form. These 
GCs may thus be formed within small concentrations inside fila- 
ments or at the intersection of filaments inside the collapsing dark 
matter halo. This insig ht is essentially an u pda te of the dissipa- 
tional collapse model of Se arle & Zinnl fl978 ) and Harris & Pudritz 
dl994) with the detailed information now available at high redshift, 
and it provides a simple mechanism through which the formation 
of metal-poor GCs is linked to that of the halo. 
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